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1 . Introduction 


This quarterly report, on Magsat Data Investigation M-004, covers the 
period January 1, through March 31, 1982. 

2. Problems 


A bug In the EROS Data Center's interactive magnetic modeling program 
hampered its use during this quarterly period. The program would take data, 
but would not print or plot a model. Toward the end of the period the bug was 
found In a test for data that was inappropriate for the data being uaed. The 
bug has been corrected. 

This program Is being used for Initial modeling because (1) of its speed 
and interactive features — particularly with modifications currently being made 
to the program and (2) because it is currently online. It has a disadvantage 
in that it cannot directly take variations in magnetic inclination and 
declination with different latitudes (through a partial compensation can be 
made by producing a hybrid plot based on models incorporating various 
inclinations and declinations appropriate to parts of each model). 

It is intended that final modeling use at least two modeling routines as a 
crosscheck for accuracy. 

3. Accomplishments 

Initial findings for Africa were summarized in a manuscript (attached) 
that was accepted for publication in Geophysical Research Letters . 

4. Significant Results 

No slgnllcant results were obtained during the quarter. 

5. Publications 


The paper entitled "A first look at the Magsat Scalar anomaly map for 
Africa", mentioned in ay first quarterly report was renamed: 

Preliminary corrections of MAGSAT anomalies with tectonic features of 
Africa, 

and was accepted for publication in Geophysical Research Letters. 

In addition, the special issue of Geoexploration devoted to geophysics, 
tectonics and mineral deposits of Africa, of which I am the special editor, is 
progressing toward publication. This issue, which contains some ancillary 
data, includes the following papers (partial list): 

On the availability of geosdentiflc data and scientific collaborators of 
and in Africa (David A. Hastings). 

Paleogeold changes and their possible impact on the formation of natural 
resources in Africa (Nlls-Axel "Horner). 

Integration of satellite and conventional data with tectonic and 
structural information over the African continent (Blrendra K. Jain and 
Robert D. Regan). 


Gravity anomaliea and continental colllalon In the Precambrlan (Alain 
Laaquar and Plorra Loula). 

On the tectonlca and aatallogenaala of Weat Africa: a nodal Incorporating 

new gaophyalcal data (David A. Haa tinge). 

6. Racommendatlona 

1 have no new racommendatlona at thla tine. My earlier raqueat for the 
grlddad anomaly data haa bean ant at the and of the quarter with the aupply of 
a computer tape. 

7. Funda expected January 1, - December 31, 1982 

Salarlea 


D. A. Haa tinge, Principal Inveatlgator 40 9 $14/hr. $ 560.00 

Secratarlal 10 9 $4. 50/hr. 45.00 

Drafting 5 9 $5/hr. 25.00 

$ 630.00 

Employee benaflta (17Z of direct labor) 75.00 

Labor aubtotal $ 705.00 

Overhead (60Z of labor) 420.00 

labor total $1,125.00 

Materiala 

Cue tom laboratory photographic product a $ 228.00 

Mlacellaneoue 

Office auppliea $ 5.00 

Expreaa mall 10.00 

"IT. 00 

Subtotal $1,363.00 

General and Admlnl atrative (13.3Z) 181.20 

Grand total $1,544.20 


8. Data Utility 

I have no new commanta on thla topic at thla time. 


PRELIMINARY CORRELATIONS OF MACS AT ANOMALIES WITH TECTONIC FEATURES OF AFRICA 


David A. Ha«ting» 

Technicolor Graphic Service* , Inc , EROS Data Cancer, 
Sioux Falla, South Dakoca 57198 

— ^Work performed for cha U.S. Geological 
Surrey Contract Number 14-08-0001-20129. 

Abe tract . An overview of the MAGSAT scalar 
anomaly nap for Africa haa suggested a correla- 
tion of MAG3AT anomalies with aajor crustal 
blocks of uplift or depression and different 
degrees of regional matas»rphlsm. The strongest 
MACSAI anomalies In Africa era closely correlated 
spatially with aajor tactoale features. Although 
a magnetic ar,wev> ly caused by a rectangular 
crustal blo«.fc vould be offset from the block's 
center by the effects of magnetic Inclination, an 
anomaly caused by real crustal blocks of varying 
uplift, depression, and degree of regional meta- 
morphism would be located nearer to the locus of 
greatest vertical movement and highest grade of 
automorphism. Thus, the Bangui anomaly may be 
caused by a central old Precambrlan shield, 
flanked to the north and south by two relatively 
young sedimentary basins. 

Introduction 

This paper discusses the total-field MAGSAT 
anomalies for Africa and the possible tectonic 
associations and Interpretations of thasa anoma- 
lies. The general characteristics of the MAGSAT 
anomaly map are treated elsewhere in this Issue 
( Lange 1 and others). Preliminary discussions of 
global aspects of the data are presented by Fray 
(1981 and this issue) and Hastings (19tla and 
1981b). The anomaly map is preliminary, and sub- 
ject to change as the MAGSAT global field model 
is modified and as data processing techniques are 
changed. Two different versions of the anomaly 
nap (figures 1 and 2) show similarities in areas 
of strong snomallas and minor differences where 
anomalies are weak. 

Before attempting to correlate regional aagna- 
tlc anomalies spatially with their possible 
causes, many scientists apply the raductlon-to- 
tha-pole technique (Baranov, 1957, Cordell and 
Taylor, 1971). This technique is useful at high 
magnetic latitude but is arror-prone at low lati- 
tudes (Leu, 1982). It is therefore of little use 


figure I 




figure l 
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7 lg. 1. Preliminary total-field MAG SAT anoaaly aap for Africa, showing significant eactonle 
features: 


CONTINENTAL FEATURES 

1 . Ahaggar platsau 

2. Arabian basin 

3 . Atlas Mountains 

4. Banua trough 

3. Cantral African uplift 

6. Chad basin 

7 . Congo basin 

8. Bast African rift 

9. Karroo basin 

10. Pan-African shield (of Nigeria) 

11. Begulbat shield 

12. Taoudenl basin 

13 . Tlbest plateau 

14. Mast African craton (nucleus) 
CCEANIC FBATUIES 

A. Agulhas plateau 
M. Madalra-Torre rise 
«. Walvls ridge 
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UPLIFTED AREAS 
Archaean shields (over 2400 aillio 
years old) 

Middle Pracaabrlan shields 
(2400-1000 a.y.) 

Uplifted areas less than 1000 a.y. 

In age 

DEPRESSED AREAS 
Moderate depressions 
Deep portions of basins 


MACSAI contours era 1 nanotesla (nT). 


Continental areas without shading are cowered with relatlwely shallow sedlaentary sequences. 

Ceetonlc features aodlfied froa United Nations Educational, Scientific and Cultural Organisation 
1971, aap in pocket). MACSAI anomaly aap cour-tesy of the (NASA) MACSAI Project Scientist (R. A. 
.angel, written communication, 1981). 

Fig. 2. Another warsion of the total-field 
MACSAI aaoaaly aap for Africa that utilises a 
different selection of MACSAI data (R. A. Langel, 

NASA Goddard Spaca Flight Center, oral coe- 
aunicatlon, 1981). Contour interval 2 nl. 

Profile 8-B ' marks the location of the model 
shown In Figure 3. 

'lg. 3. Two-dlaanslonal model (solid line) and observed POGO data (dots) over the Bangui anoaaly ai 1 
>50 ka altitude. Noraallsed susceptibilities are near 0 for basin sediaents (dot pattern), 1.0 for 
veraga crustal rock (no shading) and 1.3 for shield rocks (randoa hatchured pattern). 
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In Africa and for overall global aagnaelc data 
sets. Lau (1982) haa begun cha development of a 
raduction-to-the-equator technique chat ha clalaa 
'e uaaful ac all latitudas. However, until such 
a globally uaaful reduction cachnlqua la applied 
"o MAG SAT daea ( ve aist rely on modeling to check 
'rralatlona of MAGSAT anomalies with poaalble 
causes. 

Published eodels of total-field aagnetlc ano- 
aali.es, such sa Chose by Aadreaaen and Zalts 
(I96v), show that aaoaalles for slaple rec- 
t angular crustal blocks are cantered over the 
block at the aagnatlc equator, with an arlthaatlc 
sign spposlte to that of the aaoaaloua suscep- 
tibility. Thus a positive susceptibility 
cntrsrt leads to a negative anoaaly Induced at 
.ha aagur>" lc equator. In addition, there are 
cusps of opposite sign to that of cha anoaaly 
that flack the block on the north and south 
(ibid, Plata 1). 

For a slaple rectangular block with aagnatlc 
inclination between 0 a and 45*, cha peak of the 
Induced total-field anoaaly aoves away froa the 
equator. The cusp on the equatorial flank of the 
block Intensifies In aagnltude with increasing 
-stitude, while the other cusp weakens (Ibid, 
Plata 9). 

At aagnatlc Inclinations greater chan 45*, the 
anoaaly pattern shifts so Chat the anoaaly of the 
saae sign sa the susceptibility contrast 
(fornarly a cusp) lies coward the equatorial 
flank of the crustal block, while the anoaaly of 
opposite sign beeoaes a cusp (ibid. Plates 18 and 
27). At the aagnatlc pole a single anoaaly of 
cha saae sign as that of the susceptibility 
contrast Is centered over the crustal block, with 
no cusps (Ibid, Plata 35). 

A terrestrial block, such sa a sedimentary 
basin, la usually better aodeled as a series of 
stacked crustal blocks, with the smallest and 
narrowest block being on the bottoa of the stack 
at the deepest part of the basin. Such a model 
tends to place the anoaaly caused by a sedimen- 
tary basin closer to the deepest part of the 
basin chan would a nodal that uses a slaple rec- 
tangular block for the basin. In such a aannar 
the anoaalles produced by the Congo and Taoudenl 
basins are closer to the canters of the basins 
chan one would expect froa using slaple Andreases 
and Zalts models. 

MAGSAT Anoaaly Patterns la Africa 

Africa haa recalvad attention froa Investiga- 
tors of global aagnatlc anoaaly naps since cha 
presentation of the pioneering asps by lagan and 
others (1975). Much of this attention has been 



CF' VNAi PAGE IS 

Of- fOCR QUALITY 


• ► 


focused on ths Chrsa bulls-eye anoaallas over and 
near cha Central African Republic, anoaallas 
which haws been referred to collectively as the 
Bangui anoaaly (anoaallas labeled 3a and 7 on 
figure 1 and the +6 nanotesla anoaaly between 3 
and 6 on that figure). 

In addition to the Bangui anoaaly, the preli- 
minary total-field MAC SAT anoaaly aap for Africa 
shows several other prominent anoaallas that 
appear to correlate spatially with aajor tectonic 
features of tha continent (figure 1). 

The Archaean nucleus of the Vast African era- 
ton (10* tf, 7* If) Is sssoclatad with a strong 
negative anoaaly, as la tha Archaean exposure of 
tha western Eeguibat shield (10* tf, 28* N) which 
produces an anoaaly along Its northern flank. A 
somewhat weaker, but nevertheless significant, 
correlation exists between negative anoaallas and 
exposurss of alddle-Pracaabrlan shields In tha 
Vast African eraton (3* tf, 7* H) and In tha 
eastern lagulbat Dorsal. The Taoudenl basin (10* 
tf, 17* N) , which ove-!.las the Vest African era- 
ton, Is closely associated with a prominent posl- 
tlva anoaaly whose strength at any given point 
within the basin Is roughly proportional to the 
thickness of tha sedimentary sequence at that 
point. The Pan-African shield province of 
Nigeria (3* E, 8* N) and tha Ahaggar plateau (8* 
E, 23* N) p-oduce weak anoaallas that tend to be 
doalnanted by aagnatle effects of naarby 
features. Tha combined enclosure of the Ahaggar 
and Tlbestl plateaus (18* E, 23* N) shows only a 
slight saddle In tha MACSAT anoaaly where tho two 
uplifts are breached by sediments at about 14* E, 
which suggests that tha two features produce an 
anoaaly characteristic of a single crustal block 
(that Is, an uplift surrounded by basins). Tha 
Atlas Mountains do not produce a noticeable ano- 
maly on the anoaaly aap; neither does tha Benue 
trough (10* E, 8* N), probably becauee of Its 
narrowness. The effect of the Chad basin (13* E, 
13* N) is unclear. The Saharan basins In eastern 
Algeria and Libya correspond weakly with positive 
MACSAT anomalies. 

The rift systea Is the major tectonic feature 
In East Africa. It is oriented approximately 
north-south, parallel to the orbital path of 
MACSAT. Data processing techniques, the orien- 
tation and relative narrowness of tha rifts, and 
the general weakness of components of magnetic 
susceptibility contrast perpendicular to magnetic 
north preclude strong MACSAT anomalies from this 
source. There Is only a slight perturbation of 
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the total-field MAC SAT anomalies chat may corre- 
laca with Cha rife. Howaver, a nagatlva anomaly 
In Cha Turkey-Syria-Lebanon bordar araa (37* E, 
38* N) might ba ralatad co cha northarn extremity 
of cha rife ayatam. Tha major MACSAT faacura In 
chla araa la cha atrong positive anomaly over cha 
central-eastern parts of tha Arabian shlald and 
Ears lan Culf. 

Tha only major faaturaa in southarn Africa 
shown on tha anomaly map (flgura 1) ara tha gra- 
dlanc trandlng east-southeast from Cabinda (12* 

K, 4* S) to cantral Madagascar, tha strong nega- 
tive anomaly that connacts coastal baalna in 
southarn Mosamblqua and southarn Madagascar (40* 
E, 20* S), and cha anomaly over cha Karroo basin 
(24* E, 30* S). 

For magnatle inclinations graacar chan 43*, 
cha signs of cha anomallas tand co reverse. An 
example of this Is Cha negative anomaly asso- 
ciated with cha Karroo basin. 

An Initial Intarpratatlon of tha Bangui Anomaly 

Basad on a mods ling program (GEOGEAPH.TEST) at 
Cha U.S. Gaological Survey's Earth Easourcas 
Observation Systems (EBOS) Data Canter, several 
models have bean produced to east the hypothesis 
that tha three anomalies chat constitute cha 
Bangui anomaly could ba caused by a Pracambrlan 
shlald flankad to cha north and south by sedimen- 
tary basins. A simplified two-dimensional modal 
of such an arrangement is shown in flgura 3. 

This modal produces an a n omaly profile chat 
agrees with tha pattern seen along profile B-B' 
on flgura 2 (this preliminary modal uses similar 
TOGO data and a satellite altitude of 330 km). 

Thus cha 'iangui anomaly is actually three ano- 
malies chat correlate with chraa major crustal 
features. Tha central magnetic low corresponds 
closely to cha shape, orientation and (10* S 
magnatle) Inclination of a major Archaean shield 
seen on figure 1 at 20* E, 2* N. Tha poalelva 
anomaly co cha south (20* E, 3* S) corresponds 
closely to cha deepest part of cha Congo basin. 
Tha poalelva anomaly co cha north (18* E, 9* M) 
fits tha deep Chari Elver ara of cha Chad basin. 
Eagan and Marsh (1982) attempted cha first inter- 
pretation of cha Bangui anomaly; they concluded 
chat the poalelva anomalies co cha north and 
south ara similar to those found In cotal-flald 
models for naar-horlzoncal aagnatlc Inclinations. 
However, cha complex shapes of cha major crustal 
features of cha araa, and cha strong correspon- 
dence of cha satalllee aagnatlc anomalies with 
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these features, suggest Chat Cha Regan-Marah 
aodal can ba Improved. Tha northern flanking 
anomaly auggaata that thara la a cuap with a 
magnitude of about +4 nT flanking tha cantral 
Bangui anomaly and an anomaly of about +2 to +3 
nT cauaad by tha Chari arm of tha Chad baa In. 

Thla modal and a almllar on a for tha anomaly over 
tha Congo baaln ara coupllcatad by tha aaat-vaat 
banding of tha global MACSAT anomallaa. 

Poaalbla Tactonlc Aaaoclatlona of tha Anomalies 

In general, tha oldaat African Pracambrlan 
shields that 11a at magnetic lnellnatlona less 
than 45* tand to cauaa strong negative anomalies, 
vhersaa progressively younger uplifted areas 
causa progressively weaker anomallaa. Conversely, 
depressions tand to ba tasoclatad with positive 
total-field MACSAT anomallaa In proportion to the 
thickness of sediments. Thla appears to be con- 
sistent (Hastings, 1981a and 1981b) with a 
greater magnetic susceptibility [probably caused 
by a combination of (1) greater degree of 
rsglonal matamorphlsm and (2) greater uplift of 
more highly susceptible deeper crustal materials 
above the Curie Isotherm] above the Curie point 
ostharm for the older shields, and lover suscep- 
tibility [probably caused by a combination of 
(1) a veneer of relatively nonmagnetic sediments 
near the surface and (2) a depressed crustal 
column containing relatively less magnetic upper 
crustal materials above the Curie Isotherm] above 
the Curia Isotherm in the basina. 

Similar correlations occur in oceanic regions. 
The Valvls Ridge (10* E, 20* S), the Agulhas 
Plateau (30* E, 39* S), and the Madelra-Torre 
Rise (30* E, 33* N) all exhibit strong positive 
anomalies that are consistent with a model of 
uplifted areas In higher magnetic latitudes. An 
investigation of global MACSAT anomalies produces 
some additional support for this hypothesis, but 
it also shows a need for further studies. 
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